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OBJECT
To establish a basis for using closed bomb testing in place of flight testing as a means of assessing 81 mm mortar increment propellant.
SUMMARY
The results obtained from 320 closed bomb firings and 280 proof firings of test samples representing 14 production lots of ,M5 increment propellant for the 81 mm mortar indicate a high degree of correlation, as shown by the statistical "H' ' test. On the basis of these results, equations relating flight velocities and mortar tube pressures to closed bomb parameters are derived. With these equations, velocities and pressures for the 81 mm mortar can be predicted within +2.3% and ±4.9%, respectively.
CONCLUSIONS
Based on the results of closed bomb and ballistic tests performed on 14 lots of M5 increment propellant (M9 composition) for the 81 mm mortar, two equations have been derived which can be used to predict with reasonable accuracy the velocities and pressures to be expected in the mortar. These equations can be used for assessing any available 81 mm increment propellant. However, these equations are not applicable if either the composition or the geometry of the lots tested differs by more than 5% from the lots studied in this investigation. This limitation is necessary due to the statistically small number of available samples and the skewness of the distribution curve of the lots used in this study. The 5% limitation does not prohibit the use of the equations for assessing M5 increment propellant since the acceptance requirements of PA-PD-55 (Rev 1) permit only a ±1.5% deviation in composition. For this reason, any propellants acceptable under the above specification should be readily assayed for pressure and velocity characteristics by the equations derived in this investigation.
RECOMMENDATIONS
Since closed bomb testing can greatly expedite the assessment of increment propellant for the 81 mm mortar, and is relatively inexpensive compared to the cost of proof firing, this method should be used together with proof firing tests until sufficient data is acquired to ascertain the validity of the equations derived from the results of this investigation. After sufficient concurrent testing has been completed, only occasional proof firing will be required.
INTRODUCTION
In October 1956 a study was conducted at Picatinny Arsenal on the feasibility of using closed bomb testing instead of proof firing for the acceptance of 60 mm mortar propellant (Ref 4) . As a result equations were derived for predicting the ballistic performance on the basis of closed bomb test results. At the conclusion of this investigation, the M8 propellant for the 60 and 81 mm mortars became obsolete and an M9 propellant composition was substituted. Since the experimental procedures and method of analysis were considered to be readily applicable to M9 propellant, a study was begun to evaluate the possibility of accepting this propellant for the 81 mm mortar.
When funds were assigned by OAC for the closed bomb testing of M9 increment propellant for the 81 mm mortar, it was found that current M9 propellant was being accepted according to Addendum 55-1 to PA-PD-55-This specification requires that the propellant be accepted on the basis of tests in the caliber .30 rifle. Since this test method does not relate to the performance of the propellant in the complete round, the data from these tests could not be used for correlation with closed bomb tests. It was found, however, that 14 lots of M5 increments which were in storage had been tested in the 81 mm mortar. The results obtained in this investigation, therefore, are based on the testing of these propellants.
RESULTS
The chemical compositions of the lots tested are shown in 
DISCUSSION OF RESULTS
In order to determine whether the muzzle velocities and mortar pressures (Table 3 ) and relative force (Table 2) were from identically distributed populations a rank-sum test ("H'' test) was performed. The equation used for this test is: proves that at a 95% certainty level there is no significant difference between velocity, pressure, or relative force populations. This conclusion indicates that ballistic and closed bomb data should be related mathematically. The derivation of equations 1 and 2 for predicting muzzle velocity and pressure from closed bomb data was based on a modification of equations 4 and 5 given in Reference 2. Because the test and reference lots are similar in composition the difference between the relative force values is small. The important closed bomb parameter is the difference between the RQ and RF. Since no data was available for the differential coefficient in the 81 mm mortar, these values were obtained from the experimental data. This was accomplished by listing the test results in descending order of their absolute dP/dt -pressure values. The highest and lowest values in this list were substituted in equations 4 and 5. Since no reference lot had been used in the proof firing of the test lots, a reference standard was selected on the basis of closed bomb test results. Lot 1A-18-43 was selected because the dP/dtpressure value for this lot is the same as the mean value. All ballistic and closed bomb values were referred to IA-18-45 as the standard. With these values substituted in equations 4 and 5, the differential coefficients were obtained by solving the two equations simultaneously. The differential coefficients were then substituted in equations 4 and 5 and the equations were simplified into the form shown in equations 1 and 2.
The small differences in the standard deviations of the test lots in Table 2 (p 6 ) indicate the uniformity of the propellants tested. Since it is estimated that the reproducibility of the instrumentation in measuring relative quickness is within 1%, the contribution of the variability of the 14 lots of propellant tested varies between 0.4 and 1.0%. The variability in the measurement of relative force is estimated at 0.5/?, which then gives a range of 0.3 to 1.0% for the variability of the propellant. Since relative quickness depends on geometry, and relative force on composition, it is estimated that the variability in geometry within any of the lots tested is less than l?t and the uniformity of the composition is within 1%.
EXPERIMENTAL PROCEDURE
A charge weight of 11.82 grams of each of the test lots was burned in a closed bomb following the procedures described in Reference 3-These test samples were fired until a total of 20 tests were completed for each of the test lots. From the dP/dt vs P traces of these tests, the average dP/dt values at approximately 5000 psi and the average maximum pressures were determined. The closed bomb data was then combined with the proof firing data by a method similar to that used in Reference 4, and equations relating the muzzle velocities and mortar tube pressures with closed bomb test results were obtained. 
